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PREFACE

The object of this program is to improve the detectivity of the pyroelec­

tric detector with the ultimate goal of operation at or near the temperature­

noise limit. Two general areas of investigation are undertaken. The first is

to improve responsivity through the use of new materials, the use of thinner

sections of material, and through the application of the dielectric mode. The

second is toward reduction of noise through improved field effect transistor

characteristics and improved electroding of the pyroelectric material.

The search for new materials has begun with a review of the literature

.. on pyroelectric materials. This will continue for the duration of the program.

The literature search will result in a compilation of potentially useful materials

and their available characteristics. An extensive list of references is inclu­

ded.

As the data is collected, it is reviewed and materials are selected for

investigation. Materials will be purchased if available. Crystals that are

not available but can be grown from saturated aqueous solutions, will be

grown at Barnes Engineering. Materials of interest will be examined and their

pertinent characteristics measured. The more promising materials will be

processed into detectors so that the detector characteristics may be measured

and evaluated. Part of the detector construction effort will be devoted to the

development of techniques for obtaining thin sections of pyroelectric material,

and for the investigation of electroding techniques.

Field Effect Transistors (FET's) will be obtained from various manu­

facturers and evaluated for those characteristics affecting detector perfor­

mance. FET's exhibiting improved characteristics will be tested with pyro­

electric elements as complete detectors.

During the period of this report, the bulk of the literature search was

completed and several materials selected for further study. Some specialized
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test equipment has been designed and construction started.

Proj ect accomplishments to date are consistant with the obj ectives

of the program.
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Section 1.0 INTRODUCTION

The first phase of this program has been carried out over a three

month period beginning August 20, 1971 and ending November 22, 1971.

The goals for this phase are listed:

1. Complete the major portion of the literature search. The

literature search will be continued for the duration of the

program.

2. Complete the major portion of a compilation of all materials

potentially suitable for detectors and their available charac­

teristics as derived from the liaterature search.

3. Purchase or begin the crystal growing of those materials that

are immediately recognized as being of interest.

4. Define the measurements and test equipment required for the

program. Des ign special equipment, purcha s e components,

and begin construction.

S. Begin measurement of characteristics as material and equipment

becomes available.

These goals were achieved, and each is discussed in turn in the re­

mainder of this report.
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Section 2. 0 LITERATURE SEARCH

The available literature was culled for materials potentially useful in

the infrared. The selection of papers was limited to those written in or

translated into English, French, or German that discuss materials or tech-

niques suitable for application in infrared pyroelectric detectors. Useful operating

temperatures were limited to the approximate range of 195°K to 400 o K. The

literature search resulted in a compilation of potentially useful materials

and their available characteristics. For each material, the following data was

collected:

1. Pyroelectric Coefficient.

2. Curie Temperature.

3. Dielectric Constant and measurement frequency.

4. Loss Tangent and measurement frequency.

5. Thermal Capacitance.

6. A-C Resistivity (derived from loss tangent).

7. Figures of Merit (Sensitivity and Detectivity).

The compilation of materials and characteristics has resulted in the

table in Appendix A of this report. The extensive list of references is note­

worthy. The table will be expanded as additional information is obtained from

current liaterature.
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Section 3.0 SELECTION OF MATERIALS FOR INVESTIGATION

On the basis of all available data (see Appendix A) regarding the re­

spective Figures of Merit for Responsivity and Detectivity the following

materials (in two groups) have been selected for complete testing:

Group 1 (materials on hand or on order):

TGS

DTGS

TGFB

LiZS04 . HZO

TGS/Se (15% Se)

TGSO• 88' TGFBO• 12

SrO• 75 BaO.25 Nb2 0 6

LiTa03

Polyvinylidene Fluoride

Group Z (materials still to be grown or irradiated):

TGS with subsequent X-, 'Y-, and UV-irradiation

TGS/Se ('" 15% Se plus additives I possible Cu+Z or Cr+3 )

TGS/Se ('" 5% Se)

DTGSe

NaNOZ

3.1 REASON FOR MATERIAL CHOICE

TGS - most available data to date.

DTGS and TGFB - higher Curie temperature than TGS , permitting

higher ambient temperatures.

LiZ S04 . H2 0 - has rather flat responsivity over a wide temperature

range; also, can withstand higher relative humidity than TGS.

TGS/Se (either 5% or 15% Se, with or without additional doping) ­

these currently are reported to give the best detector performance.

'l'GS-TGFB - Since TGS and TGFB are completely miscible in ail pro­

portions I a crystal was grown from an equimolar solution of TGS and
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TGFB. In agreement with Brezina et al. (B6) a crystal with

TGS
O

•
88

-TGFB
O

• 12 ratio was obtained. Since this crystal is avail­

able and has a higher Curie temperature than TGS, it was also in­

cluded.

SBN - This material has been cited repeatedly in the recent literature

a s a promising pyroelectric detector material. A barium content of 25%

appears as the optimum composition.

LiTa0
3

- The very high Curie temperature permits this material to be

used at very high ambient temperatures or energy levels.

Polyvinylidene Fluoride - Even though the expected detectivity of this

material is an order of magnitude lower than TGS, it is included for

further examination si nce it permits very economical construction of

large area detectors or arrays.

TGS with X-ray, Gamma ray, or U-V-Irradiationof biased TGS causes

locked-in polarization which inhibits depoling.

DTGSe - Ordinary TGSe would be an excellent pyroelectric detector

material if it were not for its low Curie temperature (22.2° C). Deuter­

ation raises the Curie temperature to a possible acceptable level

(34.5° C).

NaN02 - was included because of its high Curie temperature and

apparently low loss tangent.

3 .2 REASON FOR MATERIAL OMISSION

Colemanite - has been omitted even though its parameters look ex­

tremely promising because the naturally occurring material has varying

impurities (depending upon its source) which do not permit duplication

of results. Moreover, it is difficult to obtain good crystal samples. *

The synthetic Colemanite can only be grown as microcrystals which

appear unsuitable for the current investigation.

GUL - has been omitted temporarily until more information regarding

its growth or source of procurement becomes available.

*according to Dr. H. H. Wider of Naval Electronics Lab., San Diego, Calif.
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Section 4.0 MEASUREMENTS

Measurements have been divided into three general categories. These

are: measurement of material characteristics, measurement of FET character­

istics, and measurement of detector characteristics.

4.1 MATERIAL CHARACTERISTICS

The literature search has disclosed wide variations in some of the

material characteristics as reported by different investigators. The test

conditions are sometimes unknown. At times the reported test conditions

vary widely from the detector test conditions, which makes the usefulness

of the material characteristics questionable.

All materials of interest that can be obtained by growth or through

purchase will be tested to determine their characteristics on a wider and

more thorough basis than has been previously reported. The measurements

to be made are listed and the techniques and associated equipment are dis­

cuss ed below. Section 4. 1 . 4 describes the material preparation prior to

these tests.

4.1.1 Dielectric Constant and Loss Tangent

These will be measured as functions of frequency, bias (unless per­

manently polarized), and temperature. Frequencies w ill range from 20Hz

to 10 KHz. The specific frequencies are 20, 100, lK and 10KHz. Tempera­

tures will range from approximately -30° C to 5° C higher than the Curie

temperature with a maximum temperature of 100° C. Bias voltages will be

0.01, 1, 10 and 50 volts. Capacitance and loss tangent will be measured

on a General Radio Bridge, Type 1620 equipped with a variable bias supply.

The dielectric constant will be derived from the capacitance and the pyro­

electric specimen dimensions. A thermoelectrically cooled or heated sink

will be used to set the temperature of the specimen.

4. 1 . 2 Pyroelectric Coefficient

The pyroelectric coefficient will be measured by recording the change

of electrical charge exhibited by a pyroelectric specimen with the corres­

ponding change in temperature, using an X-Y recorder. The slope of the

4-1



recorded curve indicates the pyroelectric coefficient at the corresponding

temperature. The same thermoelectric cooler-heater mentioned in 4.1.1

will be used to set the specimen temperature.

The electrical circuits used in the measurement of pyroelectric

coefficient are shown in Figures 4-1 and 4-2. Temperature is displayed on

the X-axis of the recorder. An iron-constantan thermocouple with an elec­

trical reference junction is connected to a chopper-stabilized amplifier.

The output is further amplified, inverted, and then applied to the recorder.

The charge produced by the pyroelectric material as it is subj ected

to a temperature change is recorded on the Y-axis of the recorder. The

electrodes of the sample are connected to a charge-integrating amplifier

located close to the sample holder. The signal passes through a second

amplifier and then to the recorder. Since the integrating amplifier cannot

integrate indefinitely, a shorting switch has been provided to discharge the

amplifier. This will be done manually at approximately 3 to 4 minute inter­

vals. At a later date, an automatic discharge system will be considered.

The measured charge accumulated during a given temperature interval pro­

vides information for the calculation of the pyroelectric coefficient.

4.1.3 Transmittance and Reflectance

The Beckman DK-2 Spectrophotometer is used to measure transmittance

and total reflectance from 0.3 to 3fJ.. Specular reflectance and transmittance

in the range of 2 to 40fJ. is measured with a Beckman IR-20 Spectrophotometer.

Measurements are made with no electrodes and again with a transparent

nichrome electrode on one side of the sample.

The data obtained from thepe measurements is reported in Appendix B.

4.1.4 Sample Preparation

Material for the various measurements is prepared as shown in

Table 4-1. The samples are mounted and housed in a container consisting of

a four-pin metal header and a copper cover, Figure 4-3. The pyroelectric

material sample is mounted directly to the metal header so that its temperature

may be controlled and measured. Wire leads from the sample connect to the

4-2



1
IO

/c
.

/3
.3

t:
1%

2
o

/(
10

/0

,
~

C
~
I
I
\
"
'
1
'

...
~

1I
ie.

_
r
(
)
~
~

,J:
::.. I W

-
/

I'

A
D

-1
I8

tc

IV
-

23
3K

.

4
-1

T
H

E
R

M
O

C
O

U
P

L
E

A
M

P
L

IF
IE

R
C

IR
C

U
IT

FO
R

P
Y

R
O

E
L

E
C

T
R

IC
C

O
E

F
F

IC
IE

N
T

M
E

A
S

U
R

E
M

E
N

T
4

2
3

4
2

4



1
ID

le

A
O

-I
I8

1'
:.

It

/3
.3

/C
/'

Y
o

2
0

1
'

1%

I
...

4
-2

C
H

A
R

G
E

A
M

P
L

IF
IE

R
C

IR
C

U
IT

FO
R

P
Y

R
O

E
L

E
C

T
R

IC
C

O
E

F
F

IC
IE

N
T

M
E

A
S

U
R

E
M

E
N

T
A

2
3

4
2

5



feed-through pins. The cover is cemented to the header with epoxy resin.

No window is required for the dielectric constant, loss tangent, and pyro­

electric coefficient measurements. The mounting for the responsivity meas­

urements contains a KRS-5 window.

After the sample is mounted in the holder, the holder is attached to
the thermal sink and coupled to the preamplifier as shown in Figure 4-4.

All samples thus share the same environment and the same electrical

signal processing.

4.2 FET Characteristics

There is some evidence that pyroelectric detector sensitivity is limited

principally by noise associated with the FET impedance converters. Measure­

ments will be made to select the best possible FET's for use in this applica­

tion. The following characteristics are to be moosured on a resonable sam­

pling of candidate FET's purchased for the program:

1. Gate Leakage Current

2. Current Noise vs. Frequency and Temperature

3. Short Circuit Noise

4. Transconductance

5. Input Capacitance

4.2. 1 Leakage Current

To achieve low noise in a pyroelectric detector system a principal re­

quirement is to start with an FET that has low gate leakage current (IGSS)

and hence low current noise. At the same time this permits use of a large­

value load resistor which, at high frequencies, leads to low Johnson noise.

Direct measurement of low leakage currents of the order ot 1 ·pA is complica­

ted when one is dealing with components operated in an open (humid) en­

vironment. A small chamber has been made up to free the input components

(FET and gate load resistor) from humidity effects by vacuum pumping. The

output characteristics can then be measured to indicate the leakage current.
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4.2.2 Leakage Current Noise

Leakage current induced noise is difficult to identify as such in the

conventional mode of operation. The contribution to the measured output

noise by the Johnson noise of the gate input resistor (RL) and the possible

detector loss resistance may be indistinguishable from noise due to the

gate current. This condition can be modified by making measurements using

several values of load resistance and replacing the detector element with

known, low loss resistance capacitors. Figure 4-5 shows some typical noise

curves. When using high values of load resistance (e. g. RL = 1012 ) the

system is expected to be current-noise limited at all frequencies. For rel­

atively low values of load resistance (RL< 10 10) it may be Johnson noise

limited (the noise being attributable to RL). The readings obtained should

permit positive identification and measurements of the noise constituents,

both current and Johnson noise sources. These measurements are first made

at room temperature. It is important that the amplifier following the FET be

a low-noise device that will not degrade the measured response.

The measurements are also repeated at temperatures other than 20° C.

These measurements will also provide clues to the character of the noise.

A temperature increase by 20° C should increase the leakage current by 4 times

and is expected to double the current noise.

4.2.3 Short-Circuit Noise

Noise measurements at high frequencies will indicate the short circuit

noise of the FET's tested.

To extend the short circuit noise measurement to lower frequencies we

plan to bypass the FET gate input resistor with a large value capacitor, and

make noise measurements with a wave analyzer over a wide range of fre-

quencies.

4.2.4 Transconductance

To be useful the FET's to be tested must have a minimal Gm of 500.

Whether used in a common source or common drain configuration, the FET

must provide gain in terms of voltage amplification or impedance conversion.
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In the common drain configuration normally used in this application, the

transconductance can be determined simply from a measurement of the

output impedance of the FET (in this case, source follower output imped­

ance). This is done by feeding a small signal into the gate and measuring

the source follower output voltage with varying load impedances applied

until the output voltage drops to a measurably attenuated value (e. g. 1/2).

4.2.5 Input Capacitance

The detector input capacitance, which is essentially a shunt impedance

to the detector capacitance and represents a loss in signal transferred into

the amplifier, can be readily measured by determining the frequency response

or high frequency cut-off point when feeding signals into the gate through a

fixed and known source resistance.

If we apply to the FET gate a signal from an oscillator in series with a

resistor (Rs ) of 107a, and the FET output drops by 3 DB at a cutoff frequency (fhf)

10 KHz, then the FET gate input capacitance, C. ,is 1. 6 pf, i. e.
IS.S

C. =
ISS

1

The test equipment for the tests discussed above is at hand. Three

samples each of three types of FET have been obtained. Orders are now

being placed for several others which have characteristics that appear to be

promising. Measurements will be started in the next several weeks.

4.3 MEASUREMENT OF DETECTOR CHARACTERISTICS·

Materials are measured for responsivity and noise using the same

thermoelectrically heated or cooled sink as in 4.1.1. The electronics for

this test are shown schematically in Figures 4-6 and 4-7. The electronics

are located outside of the pyroelectric sample container. This permits the

same electronics to be used with all samples. The FET source follower is

located close to the sample holder and its output is coupled by cable to the

input of a low noise amplifier. The output of the amplifier will be read on

a Hewlett-Packard Wave Analyzer in RMS volts. A blackbody and variable

4-11



speed chopper are used to irradiate the sample.

The same system is used to measure noise except that no radiant

energy is required. Noise is measured in a 7 Hz bandw idth and is col­

culated for a 1 Hz bandwidth.
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Section 5.0 NEW TECHNOLOGY

During this report period there were no technical developments reportable

under the New Technology Clause of the subject contract.
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Section 6.0 PLANNED FOR THE NEXT REPORTING PERIOD

The search for more pyroelectric materials (whose parameters might lead

to satisfactory I-R detector operation) will continue, and the table of material

parameters will be continuously updated with the most valid data.

Transmitance and reflectance measurements will continue on 1 mm as

well as 0.1 mm thick samples.

On completion of the test equipment, the dielectric constant and loss

tangent as functions of frequency and temperature will be determined for all

available materials. The anticipated measurements will range in temperature

from -30°C to 100°C at respectively 20, 100, 1K, and 10K Hz. The effect of

bias on the dielectric constant and loss tangent will be investigated. The

pyroelectric coefficient will also be measured over the indicated temperature

range. If time permits during the next reporting period, detector elements

1. 5mm x 1.5 mm x O. 04mm will be processed from the most promising detector

materials. Subsequently, responsivity, noise, detectivity, and spectral re­

sponse measurements will be made on these evacuated flakes as functions of

temperature and frequency. The search for improved transistors and detector

operation will continue simultaneously.

The effect of gamma and U-V-irradiation on TGS and DTGS will be

investigated as well as the effects of Cu++ and Cr+++ doping. Either of these

techniques should lead to "locked-in" polarization of single domains. This

causes a shift in the hysteresis curve and implies that a detector will not have

to be repoled after exceeding the FET temperature.

Measurements of sample FET's will begin.
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Section 7.0 CONCLUSIONS AND RECOMMENDATIONS

The proj ect accomplishments during the reporting period are consistant

with the obj ectives of the program. Material procurement and testing are

still in process, and the results are incomplete. There is no basis for altering

goals.
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APPENDIX A - COMPILATION OF PYROELECTRIC MATERIALS AND THEIR CHARAC­

TERISTICS.
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APPENDIX B - MEASURED DATA ON SELECTED PYROELECTRIC MATERIALS ­

OPTICAL TRANSMISSION - OPTICAL REFLECTANCE

TGFBO

DTGS

TGS O• 88 - TGFBO• 12

TGS

LiZ S04 . HZO

Polyvinylidene Fluoride
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